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MONCM)IAMETERWELLBORE CASINO 

Cross Reference To Related Appiicaflons 
This application Is a continuation-in-part of U.S. utilt^ application serial numt>er 
09/454.139. attorney docket numtwr 25791.3.02. filed on 12/3/1999. which claimed the 

5 bendK of the fSBna date of U.S. provisional patent appHcation serial numlMr 

60/1 1 1 .293. attorney docket number 25791 .3. filed on 12/7/1998. the disctosures of 
which are inooiporated herein by reference. 

This appllcatkm Is related to ttw following : (1 ) U.S. patent appHcatkm serial no. 
09/454.139. attorney docket no. 25791 .03.02. filed on 12/3/1999, (2) U.S. patent 

10 appUcatkm serial no. 09/510.913. attorney docket no. 25791.7.02. filed on 2/23/2000. 
(3) U.S. patent applicatk)n serial no. 09/502.350, attorney docket no. 25791 .8.02. filed 
on 2/10/2000. (4) U:S. patisnt appUcatton serial no. 09/440.338, attorney docket no. 
25791.9.02. filed on 11/15/1999. (5) U.S. patent application serial no. 08/523.460. 
attorney docket no. 25791 . 1 1 .02. filed on 3/1 0/2000. (6) U.S. patent application serial 

IS no. 09/512.895, attorney docket na 25791.12.02. filed on 2/24/2000. (7) U.S. patent 
appHcatton serial no. 09^1 1.941 , attorney dock^ na 25791.16.02. filed on 2/24/2000. 
(8) U.S. patent application serial no. 09/588,946. attorney docket no. 25791 .17.02, filed 
on 6/7/2000. (9) U.S. patent appiicatkm serial no. 09/559.122, attorney docket na 
25791.23.02, filed on 4/26/2000. (10) PCT patent applic^n serial no. 

20 PCTAJSOQ/18635, attorney docket no. 25791.25.02. filed on 7/9/2000. (11) U.S. . 
provisional patent eppllcatton serial no. 60/162.671. attorney docket no. 25791.27. filed 
on 11/1/1999. (12) U.S. provisional patent application serial no. 60/154.047. attorney 
docket na 25791 .29. filed on 8/16/1999. (13) U.S. provisional patent appiteatkm serial 
na 60/159.082. attorney docket no. 25791.34. filed on 10/12/1999. (14) U.S. 

25 provisional patent applkatton serid no. 60/1 59,039, attorn^ docket no. 25791 .36, filed 
on 10/12/1999. (15) U.S. proviskMial patent applicatton serial no. 60/159.033. attorney 
docket no. 25791 .37. filed on 10/12/1999. (16) U.S. provistonal patent ^plication serial 
no. 60/212,359, attorney docket no. 25791.38. fDed on 6/19/2000, (17) U.S. provisional 
patent applteatten serial no. 60/165.228, attorney docket no. 25791.39, filed on 

30 11/12/1 999. (1 8) U.S. provisional patent appllcatton serial no. 60/221 .443. attorney 
docket no. 25791 .45, fited on 7/28/2000, (1 9) U.S. proviskmel patent appHcatten serial 
no. 60/221.645. attorney docket na 25791.46, filed on 7/28/2000, (20) U.S. piovistonal 
patent application serial no. 60/233,638, attonney docket no. 25791.47, filed on 
B/18/2000, (21) U.S. provistonal patent appiicaiten swial na 60/237.334. attorney 

35 docket na 25791 .48, fited on 10/2/2000. and (22) U.S. provistonal patent applkatkm 
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serial no. 60/262,434. attorney docket no. 25791 .51 , filed on 1/1 7^001 , the disclosures 

of wtilch are incorporated herein by reference. 

Background of the Invention 
This Invantton relates generally to welS)ore casings, and in particular to wellbore 
5 casings that are fbrimd using expandable tut)ing. 

Convmtionaily, when a weiibore is created, a number of casings are installed in 

the borehole to prevent ootiapse of the borehole wail and to prevent undestred outflow 

of drilling ffukl into the ffonmation or inflow of fiukJ frDm the fbrmatton into the borehole. 

The borehole is drilled In Intervals whereby a casing which is to be installed In a lower 
10 borehole Intend is lowered through a prevtously installed casing of an upper borehole 

inten/al. As a consequence of this procedure the casing of the lower interval is of 
. smaller diameter than the casing of the upper interval. Thus, the casings arie in a 

nesM arrengernent with casing diameters deoeasing in dowriward directkm. Cennent 

annul! are provkled between the outer surfaces of the cadngs and the borehole wall to 
15 seal the casings from the borehole wall. As a consequence of this nested arrangement 

a reiattvely large borehole diameter Is required at the upper part of the weilt)ore. Such 

a large borehole dianoeter Involves Increased costs due to heavy casing harxiring 

equipmmt, large drill bits and increased volumes of drilling fluid and drill cuttings. 

Moreover, increased drilling rig time is involved due to required cement pumping, 
20 cement liantenlng, required equipnient changes due to large variations in hole 

diametere drilled in the course of the wen, and the large volume of cuttings drilled and 

removed. 

The present Invention Is directed to overcoming one or more of the limitatkxis of 
the existing procedures for fbnning new sedtons of casing in a wellbore. 
25 Summary of the Inventton 

According to one aspect of the present inveritton. an apparatus for fomning a 
wellbore casing in a borehole located In a subterranean formation including a 
preexisting wellbore casing Is pravMed that Includes a support memk)er Including a firet 
fluid passage, an expansion cone coupled to the support memk>er including a second 
. 30 fluM passage fluMidy coupled to the first fluM passage, an expandable tubular liner 
movably coupled to the expanston cone, and an exparKlable shoe coupled to the 
expandable tubular liner. 

According to another aspect of the present invention, a shoe is provided that 
includes an upper annular portion, an intennediate annular portion, and a lower annular 
35 portkx). The interniediate annular portton has an outer drcuiiiference that Is 
than the outer drcumfermoes of the upper and tower annular portions. 
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Aooording to another aspect of the present invention, a method of forming a 
w^llbore casing in a subterranean formation having a preexisting wellbora casing 
positioned in a borehole is provided that includes installing a tubular liner, an expansion 
cone, and a shoe in the borehole, radially expanding at least a portion of the shoe by 
5 injecting a fluidic material into the shoOt and radially expanding at least a portion of the 
tubular liner injecting a fluidic material into tfie borehole below the expansion cone. 

According to another aspect of the present invention, an apparatus for fonning 
a wetlboTB casing In a subterranean formation having a preexisting weilbore cs^lng 
positioned In a borehole is provided that includes means for installing a tubular liner, an 
1 0 expansion cone, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially mpanding at least a portion of the tubular 
liner. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing wittiln a subterranean formation including a preexisting wellbore 

1 5 casing positioned in a borehole is provided that includes a tubular liner, and means for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preesdsttng vMeRbora casing. The inside diameter of the radially expanded tubular liner 
is substantially equal to the inside diameter of a norMyverlapfring portion of the 
pree)d8ting weiibora casirtg. 

20 According to another aspect of the present invention, a weltbore casing 

positioned in a borehole within a subterranean formation is provided that includes a first 
wellbore casing, and a second wellbore casing coupled to and overlapping with the first 
wellbore casing. The second wellbore casing is coupled to the first wellbore casing by 
the process of: instelilng the second wellbore casing, an expansion cone, and a shoe In 

25 the borehole, radially expanding at least a portion of ttie shoe iri{ecling a fluidic 
material into the shoe, and radially expanding at least a portion of the second wellbore 
cning by Injecting a fluidic material into the borehole below the expansion cone. 

According to another aspect of the present Invention, a method of fbmning a 
tubidar structure in a subterranean formation having a preexisting tubular nDemt)er 

30 positioned in a borehole provided that Includes Installing a tubular liner, an expansion 
cone, and a shoe in the txirehole, radially expanding at least a portion of the shoe by 
injecting a fluidic material into the shoe, and radially expanding at least a portion of the 
tubular liner by ejecting a fluidic material into the t>orehole below the expansion cone. 
According to another aspect of the present invention, an apparatus for forming 

35 a tubular structure in a subterranean formation having a preexisting tubular memt)er 
positioned in a borehote 16 provided thai indudes rneans for InstaHhg a tu^ 
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expansion cone, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of the present Invention, an apparatus for fbnming 

5 a tubular stnicture within a sutiterranean formation inchJding a preexisting tubular 
member positiOTed in a t>orehole is provided that indudes a tubular liner and means for 
radiaily expanding and coining the tubular liner to an overlapping portion cf the 
preexisting tubular member. The inside diameter of the radially expanded tubular liner 
is substantially equal to the inside diameter of a non-overlapping portion of the 

10 praexisting tubular member. 

Aooording to another aspect of the present Invention, a tubular stmchine 
positioned in a borehole within a subterranean formation is provided that includes a first 
tubular member and a second tubular rnernb&r coupled to and overlapping with the first 
tubular member. The second tubular member Is coupled to the finst tobular member by 

15 the process of: installing the second tubular member, an expansion cone, and a shoe 
In the borehole, radially expanding at least a portion of the shoe by injecting a fluidic 
material into the shoe, and radially expanding at least a portion of the second tubular 
member by Injecdng a fluidic material into the borehole below the expansim cone. 

Brief Description of. the Drawings 

20 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentery cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a rTK}no-diameter wellbore casing within the 
new section of the well borehole of FIG. 1. 

25 FIG. 2a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 2. 

FIG. 2b is a ooss-secttonal view of another portion of the shoe of the apparatus 
ofRG.2. 

FIG. 2c Is a cross-sectional view of arxither portion of the shoe of the apparatus 
30 ofRG.Z 

FIG. 2d te a cross-sectional view of another portion of the shoe of the apparatus 
of FIG. Z 

FIG. 2e is a cross-sectional view of a portion off the shoe of the apparatus of 
FIG. 2a 
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FIG. 3 is a firagmentaiy cross-sedional view iUustrating VhB injection of a 
hardenabie fiuidic sealing material through the apparatus and into the new section of 
the well tXKehole of FIG. 2. 

FIG. 3a is a cros&€ecOonai view of a portion of the shoe of the appiaratus of 

5 FIG. 3. 

FIG. 3b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 3a. 

FIG. 4 is a fragnnentary cross-sectional view iUustrating the injection of a fiuidic 
material into the apparatus of FIG. 3 in order to fhiidicly isolate the interior of the shoe. 
10 FIG. 4a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b is.a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG. 5 is a cross-secUpnal view illustrating the radial expansion of the shoe of 

15 FIG. 4. 

FIG. 6 is a cross-secUonal view illustrating the Icwertng of the expandable 
expansion cone into the radially expanded shoe of the apparatus of FIG. 5. 

FIG. 7 is a cross-sectional view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 6. 
20 FIG. 8 is a cross-^ecttonai view MustraUng the injection of fiuidic material into 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 0 is a qoss-sedional view Illustrating the completion df the radial 
expansion of the expandable tubular memt>er of the apparatus of FIG. 6. 

FIG. 1 0 is a cross-secOonal view illustrating the ramoval of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 9. 

FIG. 1 1 is a cross-sectional view iliustrating the fbmnation of a mono-diameter 
welbore casing that includes a piuraOiy of overtapptng mono^iameter weiltx>re 
casings. 

FIG. 12 te a fragmentary cross-sectional view illustrating the placement of an 
30 altemaUve embodinient of an apparatus for creating a nriono-dlarnetewellbo^ 
within the weilbore of FIG. 1 . 

FIG. 12a is a cross^-sectional view of a portion of the shoe of the apparatus of 

na 12. 

FIG. 12b is a cross-sectional view of a portion of the shoe of the apparatus of 
35 FIG. 12. 
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FIG. 12c is a cross-sectional view of another portion of the shoe of the 
apparatusof FIG. 1Z 

FIG. 1 2d is a cross-sectional view of another portion of the shoe of the 
appaiBtus of FIG. 12. 

5 FIG. 1 3 Is a fragmentary cross-secUonal view Illustrating the injection of a 

hardenat>ie fluidic sealing material through the apparatus and into the new section of 
the wen borehole <rf FIG. 12. 

FIG. 13a is a cross-secUonal view of a portion of the shoe of the apparatus (tf 

FIG. 13. 

1 0 FIG. 14 a fragmentary cross-sectiond view illustrating the Irijection of a fluidic 

material into the apparatus of FIG. 1 3 In order to fluididy isolate the interior of the shoe. 

FIG. 14a is a cross-sectional view of a portion of the shoe of the apparatus of 
RG.14. 

FIG. 15 is a crosfr-secUonal view illustrating the radial expansion of the shoe of 
15 FIG. 14. 

RG. 16 is a cross-sectional view illustrating the lowering of the exparKiabie 
expansion cone b^to the radially expanded shoe of the apparatus of FIG. IS. 

FIG. 17 is a cross-sectional view illustFating the expansion of the expandable 
expanston cone of the apparatus of FIG. 16. 
20 RG. 1 8 is a cross-secHonal view illustrating the Infectton of fluidic material Into 

the radially expanded shoe of the apparatus of FIG. 17. 

FIG. 1 9 is a cross-sectional view illustrating the completion of the radial 
expansion of the expandat>le tubular member of the apparatus of FIG. 18. 

FIG. 20 is a oross-sedionai view Illustrating the removal of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 1 9. 

Detailed Description of the IDustrativB EiTrix>dlments 
Referring initially to RG8. 1 . 2, 2a. 2b, 2c. 2d, 2e, 3, 3a, 3b, 4, 4a, 4b, and 5- 
10, an errtoiiment of an apparatus and method for forming a mono-diameter welibore 
casing within a subterranean formation will now be described. As iUustrated in Fig. 1 , a 
30 weDbors 100 Is positioned in a subterranean formation 105. Ttte welibore 100 includes 
a pre-existing cased section 110 having a tubular casing 115 and an annular outer 
layer 120 of a fluUtc sealing material such as, for example, cement. The weilbore 100 
rnay be positioned in any orientation from vertical to horizontal, in several alternative 
embodiments, the pre-existing cased section 110 does not include the annular outer 
35 layer 120. 
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In order to extend ttie weUbore 100 into the sutrterranean fonnation 105. a drill 
string 125 is used In a well known manner to drill out material from the subterranean 
formation 105 to form a new wellbore section 130. In a prefened embodiment, the 
inside diameter of the new wellbore section 1 30 Is greater than the inside diameter of 

5 the preexisting welibora casing 115. 

As iilustrated in FIGS. 2, 2a, 2b. 2c, 2d, and 2e. an apparatus ^ for forming a 
welltxm casing in a sutitenanean formation Is then petitioned In the new secHm 130 
of the wellbore 100. The apparatus 200 preferably includes an expansion cone 205 
having a fluid passage 20Sa that supports a tubular member 210 that includes a lower 

10 portion 210a. an Intennediate portion 210b, an upper portion 210c and an upper erxi 
portion 21 Od. 

The expansion cone 205 may be any number of conventional commerdaliy 
available expansion cones. In several alternative embodiments, the expansion cone 
205 may tie oontrollably expandabile in the radial direction, for example, as disclosed in 

15 U.S. patent nos. 5,348,095. and/or 6.01 2,523, the disclosures of which are 
incorporated herein by reference. 

The tubular memt)er 210 may be febricated from any number of conventional 
commercially available materials such as, for example, Oiifieid Country Tubular Goods 
(OCTG), 13 chromium steei tubing/casing, or plastic tubing/casing. In a preferred 

20 embodiment, the tubular member 21 0 is ^ricated from OCTG in order to maximize 
strength after expansion. In several alternative embodiments, the tubular member 210 
may be solid and/or slotted. For typical tubular member 210 materials, the length of 
the tubular memt)er 210 is preferably limited to between about 40 to 20,000 feet in 
length. 

25 The lower portion 210a of the tubular nriember 210 prefer 

inside diameter than the upper portion 210c of the tubular member. In a preferred 
embodiment, the wall thickness of the intermediate portion 21 Ob of the tubular memt>er 
201 is less than the wall thidmess of the upper portion 210c of the tubular me^^ 
order to fadlitate the initiation of the radial expansion process. In a preferred 

30 embodirnerit, the upper end. portion 210d of the tubular nriember 210 is sl^^ 

perforated, or othenvise modifted to catch or slow down the eixpansion cone. 205 when 
it completes the extrusion of tubular member 210. In a preferred embodiment, wall 
thidmess of the upper end portion 210d of the &bular member 210 is gradually tapered 
In order to gradually reduce the requtred radial expansion forces during the latter 

35 stages of the radial expansion process. In this manner, shoddoading conditions 
during the latter stages of the radial expansion process are at least miifiimlzed. 
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A Shoe 21 5 is coupled to the lower portion 210a of the tubular member. The 
shoe 215 includes an upper portion 215a, an intermediate portion 215b, and ICMver 
ponion 21 5c having a valveable fluid passage 220 that is preferably »iapted to receive 
a plug, dart or other similar element for oontrollably sealing the Ru^^ In 

5 this manner, the fluid passage 220 may be opUmally sealed off by introducing a plug, 
dart and/or bail sealing elements Into the flifld passage 220. 

The upper and lower portions. 215a and 215c of the shoe 2115 are prefer^ 
substantially tubular, and the intermediate portion 215b of the shoe is preferably at 
least partially folded inwardly. Furthennore, in a preferred enibodiment when the 

10 intermediate portion 215b of the shpe 215 Is unfolded by the application of fluid 

pressure to the interior regton 230 of the shoe, the inside and outside diameterB of the 
intemnediate portion are preferably both greater than the inside and outside diameters 
of the upper and lower portions, 21 5a and 21 5a In this manner, the outer 
circumference of the mtennediato portion 215b of the shoe 21 5 is preferably greater 

15 than the outside drcuntferences of the upper and lower pcvtions. 21Sa and 215b, of the 
shoe. 

In a pr^erred embodiment the shoe 21 5 ftirther includes one or more through 
and side outlet ports in fluidie communication with the fluid passage 220. In this 
manner, the shoe 215 optimally injects hardenable fluidic sealing material into the 
20 region outside Vhe shoe 21 5 and tubular member 210. 

In an altemative embodiment the flow passage 220 is omitted. 

A support member 225 having fluid passages 225a and 225b is coupled to Vhe 
expansion cone 205 for supporting the apparatus 200. The fluid passage 225a is 
preferably fluidicly coupled to the fluid passage 205a. In tills manner, fluidic materials 
25 may be conveyed to and from ttie region 230 below ttie expanskm cone 205 and above 
ttie bottom of ttie shoe 215. The fluid passage 225b is preferably fluidicly coupled to 
the fliA} passage 22Sa and includes a conventional control valve. In tiiis manner, 
during placement of the apparatus 200 wtthin ttie wellbore 100, surge pressures can be 
relieved tiy the fluid passage 225b. In a preferred embodiment the support member 
30 225 fiirttier includes one or more conventional centraHzars (not illustrated) to lieip 
stabilize the apparatus 200. 

During pfecenrient of tiie apparatus 200 wittiin ttie wellbore 100, the fluid 
passage 225a is preferably selected to transport materials such as, for examine, drilling 
mud or formation fluids at flow rates and pressures ranging from about 0 to 3,000 
35 gallons/mbiute and 0 to 9,000 psi in order to minimize drag on tt)e tubular member 
being rnn and to minimize surge pressurm exerted on the wellbore 1 30 which could 
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cause a loss of weilbore fluids and lead to hole coliapse. During plaoement of the 
apparatus 200 within the welitXKB 100, the fluid passage 225b is preferably selected to 
convey fluidic materials at flow rates and pressures ranging from about 0 to 3,000 
gaUonsAfninute and 0 to 9,000 psi in order to reduce the drag on the apparatus 200 
5 during insertion into the new section 130 of the weilbore 100 and to nunimize surge 

« 

pressures on the new weilbore section 130. 



cup seal 235 prevents foreign materials from entering the interior region of the tubular 
member 210 adjacent to the expansion cone 205. The cup seal 235 may be any 

10 number of conventional commercially available cup seals such as, for example, TP 
cups, or Selective Injection Padier (SIP) cups modified in accordance with the 
teachings of the present disclosure. In a prefened embodiment, the cup seal 235 is a 
SIP cup seal, available from Halliburton Energy Services in Dallas, TX in order to 
optimally blocic foreign material and contain a body of lubricant In several aUemative 

15 embodiments, tlie cup seal 235 may include a piurallty of cup seals. 

■ 

One or more sealing members 240 are prefeFat)ly coupled to and supported by 
the exterior surfece of the iq}per end portion 210d of the tubular nrienibe^ The 
sealing members 240 preferably provl(te ah ov^pplng joint t>etween the lower end 
portion 115a of the casing 115and the upper end portion 21 Od of the tubular member 
20 210. The sealing members 240 nriay be any number of conventional conrvnerciaily 



available seals such as, fbr example, lead, rubber, TeftonTor epoxy seals modified In 
accordance with the teachings of the present disdosure. in a preferred embodiment, 
the sealing members 240 are molded from Stiratalock epoxy available from Halliburton 
Energy Services in DaMas, TX in order to optimaliy provide a load bearing interference 

25 fit between the upper end portion 210d of the tubular member 210 and the lower end 
porton 115a of the existing casing 1 15. 

a preferred embodiment, the sealing members 240 are selected to optimaliy 
provide a sufficient frtctional force to support the expanded tubular member 210 from 
the existing casing 115. in a prefened embodinient, the frtctional force optimally 

30 provided by the sealing members 240 ranges from about 1 ,000 to 1 ,000,000 Ibf in 
order to optimally support the expanded tubidar memt>er 21 0. 

In an alternative embodiment, the sealing members 240 are omitted from the 
upper end portion 210d of the tubular member 210, and a load bearing nnetal-to-metdl 
interfersnoe fit is provided between upper end portion of the tubular member and the 

35 lower end portion 115a of the existing cashg 115 by plastically defbnming and radially 
expandir^ the tubular member Into contact with the existing casir^. 



A seal 235 is coupled to and supported by the support member 225. Ttie 
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in a preferred embodiment, a quantify (rf lubricant 245 is provided In the annular 
region above the expansion oone 205 withtn the interior of the tubular member 210. In 
this manner, the extnision of the tubular member 21 0 cff of the expansion corm 205 Is 
fadttated. The lubricant 245 may be any number of^nj^ntlonai oonrmierdaily 

5 avdiable iubrteants such as. for example. Lubriplat^chtorine based lubricants, oil 
based lid)ricants or Climax 1500 Antisieze (3100). In a preferred embodinrtent, the 
lubricant 245 is Clbnax 1500 AntisiezB (3100) mailable from aimax Lubricants and 
Equipment Co. in Houston. TX in order to optimaBy provide optimum lubrication to 
facilitate the expanston process. 

10 In a preferred embodiment, the support member 225 is thoroughly cleaned prior 

to assembly to the renrainir^porttons of the apparatus 200. In this manner, the 
introduction of foreign material into the iv>paratus 200 is minimized. This mininuzes the 
possibility of foreign material clogging the various flow passages and valves of the 
^parBtus200. 

15 In a prefened embodiment, before or after positioning the apparatus 200 within 

the new section 130 of the weilbore 100, a couple of welibore volumes are circulated in 
order to ensure that no fbreign materials located vvmiin the weltt^ 100 that might 
dog up the varfcxis flow passages and valves of the apparatus 200 and to ensure that 
no foreign material interferes with the expansion process. 

20 As illustrated in FI6& 2 and 2e, in a preferred embodiment, during placement 

(rf the apparatus 200 within the weilbore 100. fhjicfic mat^ls 250 within the weilbore 
that are displaced by the apparatus are at least partially conveyed through the fluid 
passages 220. 20Sa. 225a. and 225b. In this manner, singe pressures created by the 
placement of the apparatus within the welibore 100 are reduced. 

25 As illustrated in FIGS. 3. 3a. and 3b, the fluid passage 225b is tfien closed and 

a hardenabte fluidic sealing material 255 is then pumped from a surface, location into 
the fhdd passages 225a and 2C»a. The matertal 255 then passes from the fluid 
passage 205a into the Interior region 230 of the shoe 215 below the expansion cone 
205. The materia! 255 then passes from the interior region 230 into the fluid passage 

30 220. The inatBrial 255 then exits the apparatus 200 and fills an annUlv reglm 

between the exterior of the tubular member 210 and the. Interior wall of tto new section 
130 erf the welibore 1(K). Continued pumping of the material 255 causes the material to 
fBI up at least a portion of the annular regton 260. 

The material 255 is preferably pumped into the annular region 260 at pressures 

35 and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1.500 

gallons/min, respectively. The optimum flow rate and opefating pressures vary as a 
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function of the casing and weUbore sizes, wetibore section length, available pumping 
equipment and fluid properties of the fluidic material being pumped. The optimum flaw 
rate and operattr^ pressure are preferably determined using conventional empirical 
methods. 

5 The hardenable fluidic sealing material 255 may be any number of oonventionai 

commerciaiiy available hardenable fluidic sealing materials such as, for example, slag 
mix, cement, lalex or epoxy. in a pretiBrred endMxHment, the hardOTd)le fluidic sealing 
material 255 is a blended cement prepared specifically for the particular weB section 
being drflled from Halliburton Energy Services in Dallas, TX in order to provide optimal 

1 0 support for tubular member 21 0 while also maintaining optimum flow characteristics so 
as to ir^nlmize difficuities during the displacement of cement in the annular region 260. 
The optimiHn blend of the blended oenient is prBferat>ly detennined using^^ 
empirical methods. In several alternative emlxxliments. the hardenable fluidic sealing 
materia 255 is compressitte before, during, or after curing. 

15 The annular region 260 preferably is filled with the material 255 in sufficient 

quantities to ensure that, upon radial expansion of the tubular member 210, the annular 
region 260 erf the new section 1 30 of the wellbore 100 will be filled wKh the material 
255. 

in an alternative embodiment, the injection of the material 255 into the annular 
20 region 260 is omitted, or is provided after the radial expansion of the tubuter member 
210. 

As illustrated in FIGS. 4, 4a. and 4b, once tte annular region 2&0 has been 
adequately filled with the material 255, a plug 265, or other simBar device, is introduced 
Into the fliM passage 220. thereto fluldidy isolating the Interior re^ 

25 annular rsgion 260. in a prtferred ennbodlnnent, a non-hardenable fiuldic rnat^ial 270 
Is then puniped into the interior region 230 causirig the interior region to in 
thte manner, the intericM- region 2S0 of the expanctod tubular member 21 0 will not 
contain significant amounte of the cured nnaterial 255« This also reduces and simplifies 
the cost of the entire process. Alternatively, the materisd 255 may be used during this 

30 phase of the process. 

As Hhistrated in FIG. 5. In a preferiBd embodiment, the continued injection of 
Vhe fiuidic material 270 pressurizes the region 230 and unfolds the intermediate portion 
215b of the dioe 215. In a prafemed embodiment, the onAsUe diameter of the unfolded 
intermediate porticm 215b of the ^loe 215 is greater than tiie outeide diameter of the 

35 upper ami lower portions. 215a and 215b. of the ^K>e. in a preferred embodtrr^nt. the 
inside and outside dtenrteters of the unfolded Intermediate portion 215b of the shoe 215 



12 

are greater than the inside and outside diametars, respectively, of the upper and lower 
portions, 215a and 215b. of the shoe. In a preferred emtxxiiment, the Inside diameter 
of the unfolded intermediate portion 215b of the shoe 215 is substantially equal to or 
greater than the inside diameter of the preexisting casing 115 in order to optimally 

5 Cadiitate the formation of a monoKliameter wellbore casirtg. 

As illustrated In FIG. 6, in a preferred embodiment the expansion oone 205 Is 
then lowered Into the unfolded intennediaia portton 21 5b of the shoe 21 5. In a 
preferred embodiment, the expansion oone 205 is lowered into the unfolded 
intermediate portion 215b of the shoe 215 until the bottom of the expansion cone is 

1 0 proximate the tower portion 21 5c of the shoe 215. In a preferred embodiment, during 
the towering of the expansion cone 205 Into the unfolded Intermediate portion 21 5b of 
the shoe 21.5. the material 255 within the annular region 260 and/or the bottom of the 
wellbore section 130 maintains the shoe 215 in a substantially stationary position. 
As liustrated in FIG. 7, In a prefened embodiment, the outside diameter of the 

15 expansion oone 205 is then increased. In a preferred emtxxlinnent, the outside 
diameter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5,348.095, and/or 6,012,523, the disdosuree of which are incorporate herein by 
reference. In a prefened embodiment, the outside diameter of the radially expanded 
expansion cone 205 is substantially equal to the Inside diameter of the preexisting 

20 wellbore casing 115. 

In an alternative embodiment, the expansion, cone 205 is not lowered into the 
radially expanded portion of the shoe 215 prior to being radially expanded. In this 
manner, the upper portion 210c' of the shoe 210 may be radially expanded by the radial 
expansion of the expansion cone 205. 

25 In another attemative embodiment, the expanston cone 205 is not radially 

expanded. 

As illustrated in FIG. 8, in a preferred embodiment, a fluidic material 275 is then 
injected into the regton 230 through the fluid passages 225a arid 205a. In a preferred 
embodiment, once the Interior region 230 becomes sufRdenUy pressurized, the upper 

30 portion 215a of the shoe 215 and the tubular member 210 are preferably plasttoally 
defbmned, radidly expanded, and extruded off of the expansion cone 205. 
Furthermore, In a preferred embodhnent, during the end of the radial expansion 
process, the upper portion 210d of the tubular member and the tower portion of the 
preexisting casing 1 1 5 that overiap with one another are simultarmously plasticedly 

35 deformed and radially expanded. In this nrianner, a rnono-dlanieter welbore casirig 
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may be fcmned ttiat indudes the prsexisting wellbore casing 1 15 and the radially 
expanded tubular member 210. 

During the extrusion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210. In a preferred embodiment, during the 

5 extrusion proo^, the expansion oone 205 Is raised at approximatBiy the same rate as 
the tubular member 210 is expanded in order to Iceep the tubular member 210 
stationary relative to the new weilbore section 130. In this manner, an overlapping Joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 1 1 5 may be optimaily formed. In an alternative preferred 

10 embodiment, the expahston cone 205 is maintained in a stationary position during the 
extnision proosss thereby allowing the tubular member 210 to extmde off of the 
expansion oone 205 and Into the new weilbore seicUon 1 30 under the force of gravity 
and the operating pressure of the interior region 230. 

in a preferred embodiment, when the upper end portion 210d of the tubular 

15 member 210 and the lower portion of the praexisting casing 1 15 that overlap with one 
another are plastically defbmned and radially expanded by the expansion oone 205, the 
expansion oone 205 is displaced out of the weilbore 100 by both the operating 
pressure within the regton 230 and a upwardly directed axial force appfied to the 
tubuia* support member 225. 

20 The overlapping joint between the lower portion of the preexisting casing 115 

and the radially expanded tubutor member 210 preferably provides a gaseous and 
fiuidic seal In a particularty preferred embodiment, the sealing members 245 optimally 
provide a fiuidic and gaseous seal In the overlapping joinL in an alternative 
embodiment, the sealing members 245 are omitted. 

25 In a preferred embodiment, the operating pressure and flow rate of the fiuidic 

material 275 is controllably ramped down when the expansion cone reaches the 
upper end portion 210d of the tubular member 210. In this manner, the ^dden release 
of pressure caused by the completo extrusion of the tubular member 21 0 off of the 
expansion cone 205 can be minimized. In a preferred embocfiment, the operating 

30 pressure is reduced in a substentially linear feshion from 100% to about 10% during 
the end of the extrusion prooess beginning when thcf expansion cone 205 is within 
about 5 feet from oomplrtion of the extrusion process. 

Attematlvely, or in combination, the wall thidcness of the upper end portion 
210d of the tubular meirdier is tapered in order to gradually reduce the required 

35 operating pressure for plastically deforming and radially expanding the upper end 
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portion of the tubular member. In thte manner, shock loading of the apparatus is at 
least reduced. 

Attematively» or in combination, a shock absort)er is provided in the support 
member 225 in order to absorb the shock caused by the sudden release of pressura. 

5 The shock absort)er may comprise, for exanrtple, any conventkmai conmercially 
avaiaWe shock absort>er, bumper sub. or Jars adapted for use in weilbore operattons. 

Alternative, or in combination, an expanston cone catching structure Is 
provkied in the upper erid portk>n 2 1 Cki of ttie tubular nwnber 21 0 in order to catch or 
at least decelerate the expanston cone 205. 

10 In a preferred embodiment, the apparatus 200 is adapted to minimize tensile, 

buret, and fKctk)n effects upon the tubular nnember 210 during the expan^m process. 
These effects wM be depend upon the geometry of the expansion cone 205, the 
material compositkxi of the tubular member 210 and expanston cone 205, the inner 
diameter of the tubular member 210, the wall thickness df the tubular member 210, the 

15 typeoflubricant,and the yieM strength of the tubular rrimiber 210. In general, the 
thtoker the wall thickness, the smaller the Inner diameter, and the greater the ytoM 
strength of the tubular member 210, then the greater the operating pressures reqiAfed 
to extrude the tubular member 21 0 off of the expanston cone 205. 

For typical tubular members 210, the extruston of the tubular member 210 off of 

20 the expansion cone 205 virfil begin when the pressure of the Interior regton 230 
rsMhes, for examine, approximately 500 to 9,000 psL 

During the extrusion process, the expansion cone 205 may be raised out of the 
expanded portton cf the tubular member 210 at rates ranging, for ^mple, from about 
0 to 5 fl^sea In a preferred embodiment, during the extrusion process, the expansion 

25 cone 205 Is raised out of the expartded portton of the tubular member 210 at rates 

ranging firom about 0 to 2 ft/sec in order to minimize the time required for the expansion 
procete whBe also pernritttng easy control of the expanston process. 

As iilustreted in FIG. 9, once the extrusion process is completed, the expansion 
cone 205 is removed from the wentxxe 100, In a preferred embodiment, either before 

30 or after the rernovalcf the expan^on cone 205, the totegrity of the fluUte sealed 

overtapping Joint between the upper end portton 210d of the tiAular mentber 210 and 
the lower end portton 115a of the preexisting v^llbore casing 115 is tested using 
conventional methods. 

In a prefened embodiment, if the flutoic seal of the overtapping Joint between 

35 the upper erid portton 210d of the tubular niemt)er 210 and the tomrerxl portton 1^ 
of the casing 1 1 5 is satisfactory, then any uncured portton of the material 256 within ttie 



15 

expanded tMbular member 210 is thm removed in a oonventional manner such as, for 
example, drculating the uncured material out of the interior of the expanded tubular 
member 210. The expansion oone 205 is then pulled out of the weHbors section 130 
and a drill bit or mill is used in combination with a oonvmtional drilling assembly to drill 
5 out any hardened material 255 ¥rithin the tubular member 210. In a preferred 
enibodiment, the material 255 within the annular region 260 is then allowed to fully 
cure. 

As Hiustrated In FIG. 10, the bqttom portion 215cof the shoe 215 may then be 
removed by drilling out the bottom portion of the shoe using oonventional drilling 

10 methods. The wellbore 100 may then be extended in a conventlonat nrianner using a 
conventional drilling assembly. In a prefenred embodbnent, the inside diameter of the 
extended portion of the weObore 100 is greater than the inside diameter of the radially 
expanded shoe 215. 

As illustrated in FIO. 1 1 , the nriethod of FIGS. 1-1 0 nray be repeatedly 

IS performed in order to provide a rnono^ianrieter wellbore casing that includes 

overlapping wellbore casings 1 15 and 210a-210e. The wellbore casing 1 15, and 210a- 
21 Oe preterabty indude outer annidar layers of fluldic sealing material. Altemativeiy, 
the outer annular layers of fluidic seating material nfiay be onn^ In this manner, a 
mono-diameter welit)ore casing may be formed within the subterranean fonnation that 

20 extends for tens of thousands of feet More generally still, the teachings of FIGS. 1-11 
may be used to form a mono-diameter wellbore casing, a pipeline, a dructurai support, 
or a tunnel within a subtenanean fonration at any orientation fl^ . 
horizontal. 

In a preferred embodiment the fbrmatkNi cH a nrxxKHflameter wellbore casbig, 
25 as niuetrated in FIGS. 1*1 1,b further provided as disclosed In one or more of the 
following: (1) U.S. patent application serial no. 09/454,139, attorney dodcet no. 
25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, 
attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502.350, attorney dodcet no. 25791 .8.02, filed on 2/1 0/2000, (4) U.S. patent 
30 application serial no. 09/440,338. attorney dodcet no. 25791.9.02, filed on 11/15/1999, 
(5) U.S. patent application sgM no. 09/523.460, attorney docket no. 25791 .1 1 .02. filed 
on 3/10/2000. (6) U.S. patent appHcatton serial no. 09/512.895. attorney docket no. 
25791 .1 2.02. filed on 2/24/2000. (7) U.S. patent appHcatton serial no. 09^1 1 ,941 . 
attorney docket no. 25791.16.02. filed on 2/24/2000, (8) U.S. patent applcatton serial 
35 no. 09/588.946. attorney docket na 25791 .17.02. filed on 6/7/2000, (9) U.S. patent 
applkatkm serial no. 09^59,122, attomey docket na 25791.23.02, filed on 4/26/2000. 
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(10) PCT patent appUcation serial no. PCTAJSOQ/18635, attorney docket no. 
25791.25.02. filed an 7/9/2000. (11) U.S. provisional patent appBcation serial no. 
60/162.671. attomey docket no. 25791.27. filed on 11/1/1999. (12) U.S. pravisnnal 
patent applteatton serial no. 60/154,047, attomey dock^ no. 25791.29. filed on 
9/16/1999. (13) U.S. provisional patent applicatkm serial no. 6(V159.082. attomey 
docket iK>. 25781.34, filed on 10/12/1999. (14) U.S. provislonai patent appikatton serial 
no. 60/159.039. attomey docket na 25791.30, filed on 10/12/1999. (15) 
provisional patent application serial na 60/159.033. attomey docket no. 25791.37. filed 
on 10/12/1999. (16) U.S. provistonal patent applicatkm serial no. 60/212,359. attomey 
docket na 25791.38. filed on 6/18/2000. (17) U.S. proviskMial patent application serial 
no. 60/165.228. attomey docket no. 25791.39. filed on 11/12/1999. (18) U.S. 
provistonal patent application serial no. 60/221 .443, attomey docket no. :S791.45. filed 
on 7/28/2000, (19) U.S. provistonal patent applteation serial na 60/221.645, attomey 
docket no. 25781.46. fitod on 7/28/2000. (20) U.S. provistonal patent applteatton serial 
no. 60/233.638. attomey docket no. 25791.47. filed on 9/18/2000. (21) U.S. piovistonai 
patent appltoatton serial no. 60/237.334. ittomey docket no. 25791 .48. filed on 
10/2/2000. and (22) U.S. provistonal patent applteattori serial no. 60/262.434. attorney 
docket no. 25791.51. fited on 1/17/2001. the disctosures of whteh are incorporated 
herein by reference. 

Referring to FIGS. 12. 12a. 12b, 12c. and 12d. tot an altemallve embodiment, an 
apparatus 300 for fomiing a momxliameter wellbore casing is posittoned within the 
welibore casing 1 1 5 that is substantially identical in design and operation to the 
ev>paFBtiJS 200 except that a shoe 305 is substituted fiqr the shoe 215. 

In a preferred embodiment, the shoe 305 includes an upper portton 305a. an 
Intermediate portkan 305b, and a tower portton 305c having a valveable fluid passage 
310 that to preferably adapted to receive a plug. dart, or other simiiar elementfor 
oontroltobly sealing the fluM passage 310. In this manner, the ftoto passage 310 may 
be optimally sealed off 1^ Introducing a plug, dart and/br ball seafing etoments into the 
fiukJ passage 310. 

The upper and kMMerporttons, 30Sa and 305c. of the shoe 305 are preferably 
substantially tubular, and the Intenneciate portion 305b of the shoe includes 

oorrugattons 305ba-305bh. Furthemwre. In a prefened embodiment, when the 
intemnediate portton 305b of the shoe 305 is radtoly expaiided by the appUcatton of 
fluid pressure to the interior 315 of the shoe 305. the Inside and outskie diameters of 
the radialy expanded intermedtoto portton are preferably both neater than the Inskte 
and outstoedianieterB of the upper and tower poittons. 305a and 305c. In this manner. 



the outer drcumferenoe of the tntermediate portion 305b of the shoe 305 is preferably 
greater than the outer drcumferenoes of the upper and lower portions. 305a and 305c, 
of the shoe. 

In a preferred ernbodifnent. the shoe 305 further indiK^ 

S and side outlet ports In fluidic oomiiiunication with the fluid passage 310. In this 
manner, the shoe 305 optimally Injects hardenabie fluidic sealing material into the 
region outside the shoe 305 and tubidar member 21 0. 

In an alternative embodiment, the flow passage 310 is omitted. 

In a prefened embodiment, as illustrated in FIGS. 12 and 12d. during 

10 placement of the apparatus 300 within the wetlbore 1 00. fluidic materials 250 within the 
wellbore that are displaoed by the apparatus are conv^ed through the fluid passages 
310, 205a, 225a. and 225b. In this manner, surge pressures created by the placement 
of the apparatus within the wellbore 100 are reduced. 

In a prefenBd embodiment, as nhj^ratad In FIG. 13 and 13a. the fluid passage 

15 225b is then closed and a hardenabie fluidic sealing material 255 Is then pumped from 
a surfeoe location into the fluid passages 225a and 205a. The material 255 then 
passes from the fluid passage 205a into the Interior region 31 5 oT the shoe 305 below 
the expansion cone 205. The material 255 then passes from the interior region 315 
into the fluid passage 310. The material 255 then exits the apparatus 300 and fills the 

20 annular region 260 between the exterior of the tubular member 21 0 and the intertor wall 
of the new section 130 of the wellbore 100. Continued pumping of the material 255 
causes the material to fill up at least a portion of the annular region 260. 

The material 255 Is preferably pumiml into the annular region 260 at pressures 
and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1 .500 

25 gailons/min, respecHveiy. The optimum flow rate and operating pressures vary as a 
Itinction of the casing end weilbcm sizes, wellbore sectton length, available pumping 
equipment, and fluid properties erf the fluidic material being pumped. The optimum flow 
rate and operating pressure are prtf erabiy determined using conventtonal empirical 
methods. 

30 . The hardenabte fluidic seaHnginaterial 255 rnay be any nunriber of oonv^ 

commercially available hardenabie fluidic sealing materials such as. for exampte, slag 
mbc cement, latex or epoxy. In a preferred embodiment, the hardenabie fluidic seaHng 
material 255 is a btended cement prepared qpedficalty for the particuter weH section 
beir« drilled from HaUiburton Eneigy Sendees in Dallas, TX in order to provide optimal 

35 support for tubidar member 210 while also mainteining optimum ftow characterteflcs so 
as to mInlmizB dlflfcuWes during the displaoement of cement In the annuter region 260. 
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The optimum blend of the blended cement is preferab^ detemiined using conventional 
empirical methods. In several alternative embodiments, the hardenable fluidic sealing 
matertal 255 Is compressible before, during, or after curing. 

. The annular regton 260 prefereUy is filled with the materiai 255 in sufiident 
5 quantities to ensiro that, upon radial expansion of the tubular member 21 0. the annular 
region 260 of the new secKon 130 of the wellbore 100 wH be fiHed with the malarial 
255. 

In an attamattv^ embodiment, the injection of the materiai 255 into the annular 
region 260 is omitted. 

10 As illustrated in FIGS. 14 and 14a, once the annular region 260 has been 

«lequately filled with the material 255. a plug 265, or other similar device, is introduced 
into the fluid passage 310. thereby fluididy isolating the interior region 315 from the 
annular region 260. In a prefened embodiment a non4iardenable fltridlc material 270 
is then pumped into the interior region 315 causing the interior region to pressurize. In 

15 this manner, the interior region 315 wOi not contain significant anrxHints of the cured 
material 255. This also reduces and slmplifi^ the cost of the entire process. 
AKemafively. the material 255 may be used during thte phase of the process. 

As illustrated in FIG. 15, in a preferred embodiment, the continued injection of 
the fluidic materiai 270 pressurizes the region 315 and unfolds me comjgations 305ba- 

20 305bhorthe intermediate portion 30% ofthe shoe 305. In a prefened embodiment, 
the outeide diameter of the unfolded intennediate portion 305b of the shoe 305 is 
greater than the outeide diameter of the upper and lower portions. 305a and 305b. of 
the shoe. In a preferred embodiment, the in^e and outside diameters of ttie unfolded 
intennediate portion 305b of the shoe 305 are greater than the inside and outside 

25 diameters, respectively, of the upper and lower portions, 305a and 305b. of the shoe. 
In a prefenred embodiment, the In^e diameter of the unfolded intennedtete poriion 
305b of the shoe 305 Is substenUai^ equal to or greater than the inside diameter of the 
preexisting casing 305 in order to optimize the formation of a nnono-diameter wellbore 
casing. 

30 As Illustrated In FIG. 16, in a prefened ennbodiment. the expansion cone 205 is 

then lowered into the unfolded intenniiediate portion 305b of the shoe 3^^ Ina 
preferred embodiment, the expansion cone 205 Is lowered into the unfolded 
intennediate portion 305b of the shoe 305 until the bottom of the expansion cone is 
proxbnate the lower portion 305c of the shoe 305. In a prefened embodiment, during 

35 the lowering off the expanston cone 205 Into the unfolded intennediate portion dOSto of 



the shoe 305, the material 255 within the annular region 260 maintains the shoe 305 in 
a sutntantially stationary position. 

As illustrated in FIG. 17Jn a preferred embodiment, the outside diameter of the 
expansion oone 205 is then increased In a preferred emtxxliment, the outside 
5 dianwter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5,348,095, and/or 6,012,523. the disdosures of which are incorporate herein t>y 
reference. In a preferred emtxxlirnentthaoutsldedianrieterorthe radially expanded 
expansion cone 205 is substantially equal to the! inside diameter of the preexisting 
wefltxxe casing 115. 

10 in an altemative emtxxiiment the expansion oone 205 is not lowered into the 

radially expanded portion of the shoe 305 prior to being radially expanded. In this 
manner, the upper portion 305c of the shoe 305 may be radially expanded by the radial 
expansion of the expansion cone 205. 

In another aNemaHye embodiment, the expansion oone 205 is not radially 

15 expanded. 

As illustrated in FIG. 18, in a preferred embodiment, a fluidic material 275 is 
then inieded into the rsgton 315 through the fluid passages 225a and 205a. In a 
preferred embocbnent, once the interior region 315 becomes sufRdehtly pressurized, 
the upper portion 305a of the shoe 305 and the tubular member 210 are preferably 

20 plastically deformed, radiaily expanded, and extruded off of the expansion cone 205. 
Furthermore, in a preferred embodiment, during the end of the radial expansion 
process, the upper portion 21 Od of the tubular member and the lower portion of the 
preexisting casing 115 that overlap with one another are simultaneously plasticalty 
deformed and radially expanded. In this manner, a mono^iameter wellbore casing 

25 may be formed that includes the preexisting weiibore casing 115 and the radially 
expanded tubular member 210. 

During the extrusion process, the expandon oone 205 may be raised out of the 
expanded portion of the tubular nriember 21 0. In a preferred embodiment, during the 
extrusion process, the expansion cone 205 is raised at approximately the same rate as 

30 the tubular member 210 is expanded in order to kciep the tubular member 210 

stationary relative to the new weHbore section 130. In this manner, an overlapping joint 
between the radiaily expanded tubular member 210 and the lower portion of the 
preexisting casing 115 may be optimally formed. In an altemative preferred 
embocfiment, the expansion cone 205 is maintained in a stationary position during the 

35 extrudon process thereto slowing the tubular memt)er 21 0 to extrude off of the 
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expansion cone 205 and into the new weilbore section 130 under the force of gravity 

and the operating pressure of the interior region 230. 

In a prefmed ernbodiment« when the upper end portion 21 Od of the tutnjlar 

memt>er 210 and the lower portion of the preexisting casing 115 that overlap with one 
5 mother are piasOcaliy deformed and radially expanded by the expansion cone 205, the 

expand oone 205 Is dispiaoed out of the welltx>re 100 liy both the operating 

prBsiUTB within the region 230 and a upwardly directed axial force applied to the 

tubular support menit)er 225. 

The overlapping joint between the lower portion of the preexisting casing 115 
10 and the radially expanded tubular member 210 preferably provides a gaseous and 

fiuidic seal. In a particularly prsfened embodiment, the sealing nnembers 245 optimally 

provide a fiuidic and gaseous seal in the overlapping joint In an alternative 

embodbnent. the seeing members 245 are omitted. 

In a preferred embodiment, the operating pressure arid fic^ fitiidic 
15 material 275 is controUably ramped down when the expansion cone 205 reaches the 

upper end portion 21 Od of the tubular member 210. In thte nnanner, the sudden release 

of pressure caused by the conv>l6le extmsion of the tubular nnember 210 off of the 

expansion cone 205 can be minimized. In a prsf^red emt)odiment, Vhe operating 

pressure \s reduced in a substantially linear fashion from 100% to about 10% during 
20 . the md of the extmsion process beginnbig when the expansion cone 205 is vvithin 

about 5 feet from completion of the extmsion process. 

Aitemativeiy, or in combination, the wall thickrtess of the upper end portion. 

210d of the tubular mend>er is tapersd in order to gradually reduce the required 

operating pressure for plastically deforming and radially exparuli 
25 portion of the tubular member. In tMs manner, shock loading of the apparatus may t>e 

at least partially minfrnized. 

Alternatively, or in combination, a shock absort)er is provMed In the support 

member 225 In order to absorb the shock caused by the sudden release of pressure. 

The shock absort)er may comprise^ for example, any conventtonai oommercially 
30 available shock absort>er adapted for use in weilbore operattons. 

Alternatively, or in combination, an expansion cone catching structure Is 

provided in the upper end portton 210d of the tubular member 21 0 In order to catch or 

at least decelerate the expansion oone 205. 

in a preferred embodiment, the apparatus 200 is adapted to minimize tensile, 
35 burst, and friction effects upon the tubular member 210 during the expansion process. 

These effects will be depend upon the geometry of the expansion cone 205. the 
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malarial composition of the tubular member 210 and expansion oone 205, the Inner 
diameter of the tubular member 210, the wall thidcness of the tubular member 210, the 
type of lubricant, and the yield strength of the tubular member 210. In general, the 
thidw the wall thidmss, the smaller the inner diameter, and the greater the yield 

5 strength of the tubular member 210, then the greater the operating pressures required 
to extrude the tubular member 210 off of the expansion cone 205. 

For typical tutMilar members 21 0, the extrusion of the tubular memt>er 21 0 off of 
the expansion oone 205 will begin when the pressure of the interior region 230 
rsaches, for example, approximately 500 to 9,000 psi. 

10 During the extrusion process, the expanslori cone 205 may be raised out of the 

expanded portion of the tubular member 210 at rates ranging, for example, from about 
0 to 5 Wsec in a preferred embodiment, during ttie extruston prDoess, the expansion 
cone 205 Is raised out of the expanded portion of the tubular member 21 0 at rates 
rar)ging from at>out 0 to 2 fl/sec in order to minimize the time required for the expansion 

1 5 process while also permitting easy corttrol of the exparision process. 

As illustrated in FIG. 19, once the extrusion process is completed, the 
expansion oone 205 is removed from the wellbore 100. In a prafsned embodiment 
either befbrs or after the removal of the expansion oone 205, the Integrity of the fkiidic 
seal of the overlapping Joint between ttm upper end portion 21 Od of the tubular member 

20 210 and the lower end portion 1 1 5a of the preexisting wellbore casing 1 15 Is tested 
using conventional methods. 

In a prefemed embodiment, if the fluidic seal of the overtapping Joint between 
the upper end portion 21 Od of the tubular meml>er 21 0 and the lower end portion 1 1 5a 
of the casing 1 1 5 is satisbdory , then any uncured portion of the material 255 within the 

25 expanded tubular memt)er 210 is then removed in a conventional manner such as, for 
exarnple. drculating the uncured material out of the Interior of the expanded tubular 
member210. The expaiision oone 205 is Ihen pulled out of the weUxire section 130 
and a drill bit or mill is used in combination with a conventional drilling assembly to drill 
out any imrdenedrnateriai 255 within the tubular rnember 210. In a preferred 

30 embodiment, ttie material 255 within the annular region 260 is then allowed to fuOy 
cure. 

As illustrated In FIG. 20, the bottom portion 305c of the shoe 305 may then be 
removed by drilling out the bottom portion of the shoe using conventional drilling 
methods. The wellkxm 100 may tlien be extended in a conventional manner using a 
35 conventional drilling assembly. In a preferred embodiment the inside diameter of the 
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extended portion of the welltx>re is greater than the inside diameter of the radially 
expanded shoe 305. 

The method of FIGS. 12-20 may tie repeatedly performed in order to provide a 
monoKliameler welitxra casing that Includes overlapping weltt)ore cmings. The 

5 overtapping wellbore casing preferably include outer annular layers of fluldic sealing 
material. Altematively, the outer annular layers of fluidtc sealing material may be 
omitted. In this manner, a mono-diameter welllxire casing may k>e formed within the 
subterranean formatioh that extends for tens of thousands of feet More generally stiil, 
the teachings of FIGS. 1 2*20 may be used to fbnn a mono-diameter wellbore casing, a 

1 0 pipeline, a stnictural support, or a tunnd within a subterranean formation at any 
orientation from the vertical to the horizontal. 

In a prefened embodiment, the fbnration of a mono-diameter wellbore casing, 
as illustrated In FIGS. 12-20. is further provided as disclosed in one or more of the 
flowing: (1 ) U.S. patent application serial no. 09/454. 1 39. atlomey docket no. 

15 25791.03.02, filed on 12/3/1999. (2) U.S. patent application serial no. 09/510,913, 
attorney docket no. 25791 .7.02, filed on 2/23/2000, (3) U.S. patent applicatk>n serial 
no. 08/502.350. attorney docket no. 25791.8.02, filed on 2/10/2000. (4) U.S. patent 
application serial no. 09/440.338, attorney docket no. 25791 .9.02. filed on 1 1/1 5/1 999. 
(5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791 .1 1 .02, filed 

20 on 3/10/2000, (6) U.S. patent application serial no. 09/512,895. attorney docket no, 
25791 .12.02. filed on 2/24/2000, (7) U.S. patent applicatton serial no. 09/51 1 .941 , 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent applteation serial 
no. 09/588,946, attomey docket na 25791.17.02, filed on 6/7/2000, (9) U.S. patent 
application s^al no. 09/559.122, attom^ docket no. 25791 .23.02, filed on 4/26/2000. 

25 (10) PCT patent application serial no. PCTAJSOQ/18635. attomey docket no. 
25791.25.02, filed on 7/9/2000, (11) U.S. fmvisional patent application serial no. 
60/162.671 . attomey dock^ no. 25791 .27. filed on 1 1/1/1 999. (1 2) U.S. provisional 
patent application serial no. 60/154,047. attomey docket no. 25791.29, filed on 
9/16/1999. (13) U.S. previsk>nal patent appScatton serial no. 60/159,082. attomey 

30 docket na 25791 .34. filed on 10/12/1999. (14) U.S. provistonal patent applkstkm serial 
no. 60/159.039, attorney docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
proivi8k)nal patent applicatkm serial no. 60/159,033, attorney docket no. 25791.37. filed 
on 10/12/1999, (16) U.S. praviskinai patent appiicalkin serial no. 60/212,359. attomey 
docket no. 25791.38, filed on 6/19/2000. (17) U.S. proviskmal patent application serial 

35 no. 60/165,228, attorney docket no. 2Sn^ .39, filed on 1 1/12/1999. (1 8) U.S. 

praviskNial patent appiicatkxi serial no. 60/221 ,443, attomey docket no. 25791 .45. filed 
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cm 7/2B/2000, (19) U.S. provisional patent application serial no. 60/221.645, attorney 
docket no. 25791 .46, filed on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60/233.636, attorney docket ho. 25791.47, filed on 9/18/2000, (21) U.S. proviskmal 
patent application serial no. 60/237,334, attorney docket no. 25791.48, filed on 

5 10/2/2000, and (22) U.S. provisional patent application serial no. 60/262,434, attorney 
docket no. 25791 .51 , filed on 1/1 7/2001 , the disctosures of which are incorporated 
herein by refarenoe. 

In several alternative embodiments, the apparatus 200 and 300 are used to 
form and/or repair wellbora casir^s, pipelines, and/or stmctural supports. 

1 0 In smeral altamative emtx)dlments, the folded geometries of the ^oes 21 5 and 

305 are provided in accordance with the teachings of U.S. Patent Nos. 5,425,559 
and/or 5,794,702, the disclosures of which are incorporated herein by reference. 

/\n apparatus for forming a welltx>re casing in a borehole located in a 
subterranean formation including a preexisting wellbore casjng has been described that 

15 includes a support member including a first fluid passage, an expansion cone coupled 
to the support memt)er Including a second fluid passage fluUtdy coupled to the first 
fluid passage, an expandable tubular finer movat>iy coupled to the expansion cone, and 
an expandable shoe coupled to the expandable tubular liner. In a preferred 
embodiment the expansion cone is expandable. In a prsfemed embodiment, the 

20 expandable shoe includes a vaWeable fluM passage for controiling the flow of fluklic 
materials out of the expandable shoe. In a preferred embodiment, the expandable 
shoe includes: an expandable portton and a remaining portton, wherein the outer 
Gbuimferenoe of the expandable portton is greater than the outer drcumferenoe of the 
remaining portkm. in a preferred embodiment, the expandable portion includes: one or 

25 more inward foMs. In a prefened embodiment, the expandable portion includes: one or 
more oomjgatkms. In a preferred errtxxliment, the expandable shoe includes: one or 
rrxxe inward fbkJs. In a preferred emlxxliment, the expandable shoe includes: one or 
more corrugations. 

A shoe has also been described that Includes an upper annular portion, an 
30 tatennedlate annular porfion^ and a tower annular portton, wherein the Intermediate 
annular portion has an outer circumference that is larger than the outer circumferences 
of the upper and lower anhutar portions. In a preferred embodiment the tower annular 
portton Indudes a valveable fluM passage for controlling the flow of fliddto materials out 
of the shoe. In a preferred embodiment the intermediate portton includes one or more 
35 inward folds. In a pre fe ned embodiment the Intermedtate portton includes one or more 
corrugations. 
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A method of forming a wellbore casing in a subterranean formation having a 
preexisting wellbore casing positioned in a borehole has also been described that 
includes installing a tubutar liner, an expansion cone, and a ^K>e In the borehde. 
radiaiy expanding at least a portion of the shoe injecting a fluidte material into the 
5 shoe, and radially expanding at least a portion of the tubular liner by injecting a fluidlc 
material into the borehole below the expansion eone. in a prefenred enrdxxliment, the 
method further includes radially expanding the expansion cone. In a prefenred 
embodiment, the metttod further includes lowering the expansion cone into the radially 
expanded portion of the shoe, and radially expanding the expansion cone. In a 

10 prefened embodlnoent, the method further includes, radially expanding at least a portion 
of the shoe and the tubular liner by injecting a fluidic material into the borehole below 
the radially expanded expansion cone. In a prefenred embodiment the method further 
mductos irilecting a hardenable fluMic sealing nrtateriai into an annulus between the 
tubular liner and tte borehole. In a preferred embodiment, the niiethod further includes 

15 radiaOy expanding at least a portion of the preexisting wellbore casing, in a preferred 
embodinnent, the method further includes overiapping a portion of the radially 
expanded tubular liner with a portion of the preexisting weiibore casing. In a prefened 
embodiment, the inside diameter of the radially expanded tubular liner is substantially 
equal to the Inside diameter of a nonoveriapping portion of the preexisting weiibore 

20 casing. In a preferred embodiment the method further indudes applying an axial forra 
to the expansion cone. In a prefened embodiment, the inside diameter of the radifiliy 
expanded shoe is greater than or equal to the inside diamet^^ of the radially expanded 
tubular liner. 

An aK>aratus for fbmning a wellbore casing in a subterranean formation having 
25 a preexisting wenbore casing positioned in a borehole has also been described that 
indudes means for Installing a tubular liner, an expansion cone, and a shoe In the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of the tubular liner. In a prefened embodiment, the 
apparatus further indudes means for radially expanding the expansion cone, in a 
30 prefened embodiment, the apparatus further ir^udes means for lowering the 

expar»ion cone into the radially expanded portion of the shoe, and means for radially 
expanding the expansion cone. In a preferred embodiment, the apparatus further 
indudes means for Injecting a fluidic material Into the borehole below the radially 
expanded expansion cone. In a prefened embodtonent, the apparatus fiirttier includes 
35 means for injecting a hardenabM fluidic seating material into an annulus between the 
tutxjlarlner and ttie borehole, in a preferred embodiment, the apparatus ftirther 
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includes rneans for radially expanding at least a portion of the preeodsting welibore 
casing. In a prefenBd embodiment, the apparatus further includes means for 
overlapping a portion of the radially expanded tubular iiner with a portion of the 
preexisting wellbore casing. In a preferred embodiment, the inside diameter of the 

5 radially expanded tubular liner is substantially equal to the inside diameter of a 

nonoverlapping portion of the preexisting welibore casing. In a preferred embodiment, 
the apparatus further includes means for applying an anal force to the expan^m cone. 
In a preferred ernbodimerrt, the inside diameter of the radially expanded shoe is greater 
than or equal to the inside diameter of the radially expanded tubular liner. 

10 An apparatus for forming a welibore casing within a subterranean formation 

including a preexisting welibore casing positioned in a borehole has also been 
descrit>ed that includes a tubular finer and means for radiaOy expanding and coupling 
the tubular iiner to an overlapping portion of the preexisting welibore casing. The 
inside diameter of the radially expanded tubular Oner is substantially equal to the Inside 

1 5 diameter of a rK>rK)veriapplng portion of the premisting welibore casing. 

A welibore casing poslfioned in a borehole within a subterranean formation has 
also been described that includes a first welibore ca^ and a second welibore casing 
coupled to and overlapping with the first welibore casing, wherein the second welibore 
casing is coupled to the first welibore casing by the process of: installing the second 

20 welibore casing, an expansion cone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic mat^l into the shoe, and radially 
expanding at least a portion of the second weHbore casing by injecting a fluidic material 
into the borehole below the expansion cone. In a preferred embodiment, the process 
for forming the welibore casing further includes radially expanding the expansion cone. 

25 In a prefenred embodiment the process for fomdng the welibore casing further includes 
lowering the expansion cone into the radially expanded portion of the shoe, arid radially 
expanding the expareion cone, in a prefe r red embedment the process for forming the 
weHbore casing further includes radialy expanding at least a portion of the shoe and 
the seooTKi welibore cesing by Injecting a fluidic material into the borehole below the 

30 radially expanded mpanslon cone. In a pr^rredernbodlrnerrt, the process for fbnrnlrig 
the welibore casing further includes injecting a hardenaUe fluidic sealing material Into 
an annulus between the second welibore casing and the borehole. In a preferred 
embodiment the process for fbrming the welbore casing further includes radially 
expanding at least a portion of the first welibore casing. In a preferred embodiment 

35 the process for forming the welibore casing further includes overiapping a portion of the 
radially expanded second welibore casing wRh a portion of the first welRx^ In 
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a preferred embodiment, the inside diameter of the radially expanded seoond vveUtx)re 
casing is sut^stantially equal to the inside diameter of a nonoveriapping portion of the 
first wellbore casing. In a prefened enAodiment the process for fbmiing the wellbore 
casing further includes applying an axial force to the expar^ion cone. In a prefsrred 
5 embodiment the inside diameter of the radially expanded shoe is greater than or equal 
to the inside diameter of the radially expanded second wellbore casing. 

A method of fbrmir^ a tubular structure in a subterranean formation having a 
preexisting tubular member positioned in a borehole has also been described that 
includes installing a tubular liner, an expansion cone, and a shoe in the borehole, 

10 radially expanding at least a portion of the shoe by injecting a flutdto material into the 
shoe, and radially expanding at least a portion of ttm tubular liner by Injecting a fluidic 
material into the borehole below the expansion cone. In a preferred embodiment the 
method further includes radially expanding the expansion cone. In a preferred 
embodiment the metiiod furttier Includes lowering tiie expsinsion cone into tt)e radially 

IS expanded portion of the shoe, and radially expanding the expansion cona In a 

preferred embodiment the mettxxl furttier includes radiaOy expmding at least a portion 
of the shoe and the tubular liner by injecting a fluidic material into ttw borehole below 
the radially expanded expansion cone. In a preferred embodiment ttie mettxxj further 
includes injectir^g a hardenable fluidic sealing material into an annulus between the 

20 tubular liner and the borehole. In a preferred embodiment the metixxl furtiier includes 
radially expandirig at least a portion of ttie preexisting tubular member. In a preferred 
ennbodiment the method furtt^r includes overlapping a portion of ttie radially 
mpanded tubular liner with a portion of the preexisting tubular member. In a preferred 
embodiment the inside diameter of ttie radially expmded tubular liner is substantially 

25 equal to the inside diameter of a nonoveriapping portion of ttie preexisting tubular 
member. In a preferred emt)odirnent ttie nnettKxJ further hdud|K 
force to the expansion cone. In a preferred embodiment ttie inside diameter (rf the 
radially expanded shoe Is greater than or equal to the inside diameter of the radially 
expanded tubular liner. 

. 30 An apparatus for forming a tubular structure in a subterranean formation having 

a preexisting tubular member positioned in a txirehole has also been described that 
. includes means for bistaffing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of the tut>ular liner. In a prefened embodin»nt the 

35 apparatus further Includes means for radially expanding ttie e xpansion cone. In a 
prtferred embodiment the apparatus further includes means for lowering the 
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expansion oone into the radially expanded portion of the shoe, arid means for radiaBy 
expanding the expansion oone. In a prefened embodiment, the apparatus further 
includes means for inJecGng a fluidic matertal Into the borehole below the radially 
expanded expandon oone. In a preferred embodiment, the apparatus further includes . 

5 means for injecting a hardenable fluidic sealbig material into an annulus between the 
tubular liner and the borehole. In a preferred embodiment, the apparatus further 
includes mear^ fcx* radially expanding at least a portion of the preexisting tubular 
merrd)er. In a prefened embodiment, the apparatus further Includes means for 
overlapping a portion of the. radially expanded tubular liner with a portion of the 

10 praexisting tubular member. In a prsferred embodiment, the inside diameter of the 
radially expanded tubular liner is substantially equal .to the inside diameter of a 
nonoverlapping portion of the preexisting tid>ular member. In a preferred embodiment, 
the apparatus further indudes means for applying an axial force to the expansion cone. 
In a preferred embodiment, the inside diameter of the radially expanded shoe is greater 

1 5 than or equal to the inside diameter of the radially expanded tut>ular Hner. 

An apparatus for forming a tubular structure within a subterranean formation 
Including a preexisting tubular member positioned in a borehole has also, been 
described that includes a tubular liner and means for radially expanding and coupling 
the tubutair liner to an overlapping portion of the preexisting tubular member. The 

20 in^ diameter of the radidly expanded tubular liner is substantially equal to the inside 
diameter of a rKxvoverlapping portion of the preexisting tutnjiar memt)er. 

A tubular structure positioned in a borehole v^in a subterranean formation has 
also been described that includes a first tubular member and a second tubular member 
oou|M to and overlapping with the first tubular member, wherein the second tubular 

25 member is coupled to the first tubular member by the prooess of. insteilirig the second 
tubular member, an expansim cone, and a shoe in the t)orehole, radially expanding at 
ieart a portion of the shoe by inJecUng a fluidic materia Into the shoe, and radiaDy 
expandir)g at least a portion of the.second tubular member by injecting a fluidic material 
into the txxrehole below the expansion cone. In a prefetred emt>odiment, the process 

30 fbr forming the tubular structure further Includes radially expanding the expansion cone. 
In a preferred embodiment, the prooess for forming the tubular structure further 
Includes lowering the expansion oone into the radially expanded portion of the shoe, 
and radially expanding the expansion com. In a preferred embodiment, the prooess 
for fomntog the tubular structure further Ir^udes radially expanding at least a portion of 

35 the shoe and the second tubiiar member by injecting a fluidic material into the 

borehote below the redially expanded expansion oone. In a preferred embodiment, the 
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process for fomning the tubular structure further includes injecting a hardenable fluidic 
sealing material Into an annulus t)etween the second tububr member and the borehole. 
In a prefenred embodiment, the proo^ for fomring the tubular structure further 
includes radially expanding at least a portion of the first tubular merriber. In a prefennBd 
5 embodiment, the process for forming the tubular structure further includes overlapping 
a portion of the radially expanded second tubular member with a portion of the first 
tubular member. In a preferred embodiitient the Inside diameter of the radially 
exparxied second tulnilar mmiber is substantially equal to the Inside diameter of a 

« 

nonoverfapping portion of the first tubular member. In a preferred embodiment the 
1 0 process for fbnming the tubular structure further includes applying an axial force to the 
expansion cone. In a preferred embodiment, the inside diameter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
second tubular member^ 

Although Illustrative embodiments of the Invention have been shown and 
1 5 described, a wide range of nxxJificatim, changes and substitution is contemplated in 
the foregoing disclosure. In some Instances, some features of the present invenflon 
may be emi^oyed withotit a oonresponding use of tt)e other features. Accordingly, it is 
appropriate that the appended claims be construed broadly and in a manner consistent 
with the scope of the invention. 

20 
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CLAIMS 

1 . A shoe, comprising: 

an upper annular portion; 

an intermediate annular portion coupled to the upper annular portion; and 
5 a kMm annular portion coupled to the intermediate portion; 

wherein the intermediate annular portion has an outer drcunraference that is 
larger than the outer drcumferenoes of the upper and lower annular portions. 

2. The shoe of datm 1 , wherein the lower annular portion indudes a valveable fluid 
10 passage for contrdilng the flow of fluidic rnatarials out of the shoe. 

3. The shoe of daim 1 , wherein the Int^mediate portion indudes: 
one or more inward folds. 

15 4. The shoe of daim 1 , wherein the intermediate portion indudes: 
. one or more corrugations. 



5. A shoe, comprising: 

an upper annular porton; 
20 an intennediate annular portion coupled to the upper annular portion Induding 

one or more inward folds; and 

a lower annular portion coupled to the intennediate portion induding a 
valveable fluid passage for oontroHIng the flow of fiuldic materials out of the shoe; 
wherein the intermediate annular portion has an outer drcumfierenoe that is 
25 larger than the outer drcurrrfersncies. of the upper arKl lowers 
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Claims 

1 . An apparatus for forming a weUbore casing in a borehole located in a 
subterranesui foimation Including a preexisting wellt)ore casing, comprising: 

a support member including a first fluid passage; 

an expamlon com coupled to the support member including a eeoond fluid 

passage fluldidy coupled to the first fluid passage; 
an expandable tubular liner movably coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 

2. The apparatus of daim 1 , wherein the expansion cone is expandable. 

3. The apparatus of daim 1 . wherein the expandable shoe indudee a valveable fluid 
passage for controlling the flow of fixMc materials out of the expandatrie shoe. 



4. The apparatus of daim 1 , wimein the expandable shoe indudes: 
an expandable portion; and 

a remaining portion coupled to the expandable portion; 
wherein the outer drDumferenoe of the expandable portion is greater than the 
20 outer drcumference of the remaining portion. 

5. The apparatus of ddm 4, wherein the expandable portion Includes: 
one or more Inward folds. 

25 6. Ttie apparatus of daim 4, wherein the expandat>le portion Indudes: 
one or more oorrugafions. 

7. The apparatus of daim 1 , wherein the expandable shoe indudes: 
oro or more inward folds. 

30 

8. The apparatus of daim 1 , wherein the expandable shoe indudes: 
one or more corrugations. 

9. A shoe, comprising: 

35 an upper annular portion; 

an intermediate annular portion coupled to the upper annular portion; and 
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a loww annular portion coupled to the intenrncDate portion: 

wherein the intermediate annular portion has an outer drcumferenoe that ia 

larger than the outer drcumfiBrenoes of the upper and lower annular 

portions. 



10. The shoe of daim 9, wherein the lower annular portion includes a valveable fluid 
passage fbr controlling the flow of fluidic materials out of the shoe. 

1 1 . The shoe of daim 9, wherein the intermediate portion indudes: 
10 one or more Inward folds. 

12. The shoe of daim 9, wherein the intermediate portion indudes: 
one or rrare corrugations. 

15 1 3. A method of forming a welltx>re casing in a subterranean fomiatlon having a 
preexisting wellt)ore casirig positioned in a twrehole. comprising: 

InstaDlr^g a tubular liner, an expansion cone, and a shoe In the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic materiai 
into the shoe; and 

20 radially expanding at les^ a portion of the tubular liner by injecting a fluidic 

material into the borehole t)eiow the expansion cone. 

14. The method of daim 13, further comprising: 
radially expanding the mpanslon cone. 

25 

1 5. The method of daim 1 3, further comprising: 

Idwsring the expanston cone into the radially expanded portion of the shoe; and 
radially expandirtg the expansion cone. 

30 16. Themethodof daim 15, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
a fluidicmatertal into the borehole below the radially expanded 
expansion cone. 

35 17. The method of daim 1 3, further comprising: 
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injecting a hardenabie fluidtc sealing material into an annulus t)etvveen the 
tubular liner and the t}orehole. 

18. Themethod of daim 13, further comprising: 

5 radially expanding at least a portion of the preexisting weBbora casing. 

19. The method of dahfn 18, further comprising: 

overtapptng a portion of the radially e)q>anded tubular Dner with a portion of the 
preexisting welIl)ore casing. 

10 

20. The method of daim 19. wherein the inside diameter of the radially expanded 
tubular liner is substantialiy equal to or greater than the inside diameter of a 
nonovertapping pcvtlon of the preexisting wellbpre casing. 

15 21 . The method of daim 1 8, further comprising: 
applying an axial force to the expansion cone. 

2Z The method of daim 1 3, wherein the inside diameter of the radially expanded 
shoe 6 greater than or substantially equal to the inside diameter of the radially 
20 expanded tubular liner. 

23. An apparatus for forming a wellbore casing in a subterranean formation having a 
preexisttng welltxxB casing positioned tn a borehole, comprising: 

means for installing a tutnilar Rner, an expansion cone, and a shoe in the 
25 borehole; 

means for radially expanding at least a portion of the shoe by Injecting a fluidic 

nraterial into the shoe; and 
means for radially expanding at least a portion of the tubular liner by Injecting a 
fluidic material into the borehole below the expansion cone. 
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24. Tiie apparatus of daim 23, ftjrther comprising: 
means for radially expanding the expansion cone. 



35 
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The apparatus of daim 23. further comprising: 

means for lowering the expansion cone into the radially wpanded portion of the 
shoe; and 
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means for radially expanding the expansion cone. 

26. The apparatus of daim 25. further comprising: 

means for injwting a fluidic material into the borehole Maw the radially 
expanded expansion cone. 

27. The an)aratus of 23, further comprising: 

means for injecting a hardenable fluidic sealing material into an annuli^ 
t>etween the tubular liner and the borehole. 

28. The apparatus of daim 23. further corrqmsing: 

means for radially expanding at least a portion of the preexisting weiibore 
casing. 



1 5 29. The apparatus of daim 28. further comprising: 

means for overlapping a portion of the FBdially expanded tubular liner with a 
portion of the preexisting weiibore casing. 

30. The apparatus of daim 29. wherein the Inside diarr^ter of the radially expanded 
20 tubular liner is substantiedy equal to tihe inside diameter of a nonoverlapping portion of 

the preexisting weiibore casing. 

31 . The apparatus of daim 28. further comprising: 
means for applying an axial force to the expanskm cone. 

25 

32. The apparatus of dann 23. wherein the inside diameter cf the radially expanded 
shoe is greater than or substantially equal to the Inside diameter of the radially 
expanded tubular liner. 

30 33. An apparatus for forming a weiibore casing within a subterranean fbrnratk^ 
biduding a preexisting weiibore casing positioned in a borehole, comprising: 
a tubular Hner; and 

means for radially expanding and coupling the tubular liner to an overtapi^ng. 
portion of the preexisting weiibore casing; 
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wherein the inside diameter of the radially expanded tubular Oner is 

sut)stantially equal to the inside diameter of a non-overiapping portion of 
the preexisting wellbore casing. 

5 34. A vi^txm casing positioned in a borehole within a subterranean fomiation, 
comprising: 

a first wrtlbore casing; and 

a second wellbore casing coupled to and overlapping with the first wellbore 
casing; 

10 whereiri the second wellboiB casing is coupled to the first weHbore casing by 

the process of: 

installing the second wellbore casing, an expansion cone» and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 
1 5 material Into the shoe; and 

radially expanding at least a portion of the second wellbore casing by 

injecting a fluidic material into the borehole below the expansion 

cone. 

20 35. The wellbore casing of ctaim 34. wherein the process further comprises: 
radially expanding the expansim cone. 

36. The wellbore casing of daim 34, wherein the process further comprises: 
lowering the expansion cone into the radially expanded portion of the shoe; and 

25 radially expanding the expansion cone. 

37. The welbore casing of daim 36, wherein the process further comprises: 
radffilly exparxiing at least a portion of the shoe and the second wellbore casing 

by injecting a fluidic material into the bor^e below the radially 
30 expanded expansion cone. 

38. The welbore casing of daim 34, wherein the process further comprises: 
Injecting a hardenable fluidic sealing material into an annulus between the 

second wellbore casing and the ixxehole. 
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39. The wellbore casing of daim 34, wherein the process further comprises: 
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radially expanding at least a portion of the first welltxire casing. 

40. The wellbore casing of daim 39. wherein the prooess further comprises: 

overlapping a portion of the radially expanded second wellbore casing with a 
portion of the first welltx^re casing. 

41 . The wellbore casing of cMm 40, wherein the inside diameter of the radiaDy 
expanded second welitx>re casing is substantially equal to the inside diameter of a . 
nonoverlapping portion of the first wellbore casing. 

42. The wellbore casing of daim 39, wherein the process further comprises: 
applying an axial force to the expansion cone. 

43. The wellbore casing of daim 34, wherein the inside diameter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radially expanded second wellbore casing. 

44. A nnethod of fonning a tubular structure in a subtenanean formation having a 
preexisting tut>uiar member positioned In a borehole, comprising: 

installing a tubular liner, an expansion conOt and a shoe in the borehole; 
radially expanding at least a portion of the shoe tiy injecting a fluidic material 
into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fiuldic 
material into the borehole below the expansion cone. 

45. The method of daim 44. further comprising: 
radially expanding the expansion cone. 

46. The method of daim 44. further comprising: 

lowering the expansion cone into the radially expanded portion of the shoe; arul 
radially expanding the expansion cone. 

47. The method of daim 46, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
a fluidic material into the borehole below the radially expanded 
expansion cone. 
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The method of daim 44, further comprising: 

Injecting a hardenable fluidic sealing material Into an annulus between the 
tubular liner and the borehole. 

The method of daim 44, further comprising: 
radially expanding at least a portion of the preexisting tubular member. 

The method of daim 49, further comprising: 
overiapping a portion of the radtally expanded tubular liner with a portion of the 
preexisting tubular member to provide a load bearing interteoe and a 
fluidic seal. 

51. The method of daim 50, wherein the inside diameter of the radially expanded 

1 5 tubular liner is substantially equal to the inside diameter of a nonovertapping portion of 
the preexisting tubular member. 

52. The method of daim 49, further comprising: 
applying an axbl force to the expansion cone. 

20 

53. The method of daim 44. wherein the in^ diarneter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tubular liner. 

25 54. An apparatus for forming a tubular structure in a subterranean formation having a 
preexisting tubular member positioned in a borehole, comprising: 

means for installing a tubularliner, an expansion cone, and a shoe in the 
borehole; 

means for radially expanding at least a portion of the shoe; and 
30 means for radially expanding at least a portion of the tubular liner. 

55. The apparatus of ctaim 54. further comprising: 
means for radially expmd&ig the expansion cone. 



48. 



49. 



50. 
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35 56. The apparatus of ctabn 54, further comprising: 
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means for lowering the expansion cone Into the radially expanded portion of the 
shoe; and 

means for radially expanding the expansion cone. 

5 57. The apparatus of daim 56, further oomprisbtg: 

means for ir^ecting a fluidic material into the t)orehote beiosv the radially 
expanded expansion cone. • 

58. The apparatus of daim 54, further comprising: 

1 0 means for Injecting a haidenable fhddic sealing material Into an annulus 

l)etween the tubular Hner and the txrahole. 

59. The apparatus of daim 54, further comprising: 

means for radially expanding at least a portion of the preexisting tutuilar 
15 memt)er. 

60. The apparatus of daim 59, further comprising: 

means for overiapping a portion of the radially expanded tubular liner with a 
portion of the preexisting tubular member to provide a load bearing 
20 interfaioe and a fluidic seal. 

61 . The apparatus of daim 60, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to the insUe diameter of a nonovertapping portion of 
the preexisting tubular member. 

25 

6Z The apparatus of dabn 59. further comprising: 

nrieans for applying an axial force to the expanston cone. 

63. The apparatos of daim 54, wherein the bislde diameter of the radially expanded 
30 shoe Is greater than or substantially equal to the inside diameter of the radially 
expanded tubular liner. 
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64. An apparatus for forming a tubular structim within a subterranean formation 
Induding a preexisting tubular member poslttoned in a borehole, comprising: 
a tubular liner; and , 
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means for radially e}qpancling and coupling the bAiular Oner to an overlapping 

portion of the preexteting tubular m6mt)en 
wherein the inside diameter of the radially expanded tiA)uiar liner is 

substantially equal to the Inside diameter df a non^iveriapplng portion of 
5 the preexisting tubular member. 

65. A tubular structure positioned in a borehole within a subterranean fomwlion. 
comprising: 

a first tubular member; and 

10 a seoond tubular member coupled to and overlapping with the fiist tubular 

member. 

wherein the second Uvular member is coupled to the first tubular member by 
the process of: 

installing the second tubular member, an expansion cone, and a shoe in 
15 the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 
material into the shoe; and 

radially expanding at least a portion of the second tubular rnember by 
injecting a fluidic material into the borehole below the expansion 
20 cone. 

The tubular stnjdure of daim 65, wherein the process further comprises: 
radially mpanding the expansion cone. 

The tubular structure of daim 65, wher^ the process further oorrvrises: 
lowering the expansion cone into the radially expanded portion of the shoe; and 
radiaHy expanding the e)9)anslon cone. 

The tubular structure of daim 67, wherein the process further comprises: 
radially expanding at least a portion of the shoe and the seoond tubular member 
by injecting a fluidic material into the borehole below the radially 
expanded expansion cone. 

The tubular stmdure of daim 65, wherein the process further comprises: 
ir^ecting a hardenable fluidic sealing material into an annuhis between the 
seoond tubular member and the borehole. 



66. 



25 67. 



68. 
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69. 
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70. The tubular structure of dairn 65. wherein the process further comprises: 
radiaity expandir^ at least a portion of the first tubular member. 

5 71 . The tubular stmcture of daim 70, wherein the process ftjrther comprises: 

overlapping a portion of the radially expanded second tubular member with a 
portion of the first tubular member. 

72. The tulHiiar stnjdurs of daim 71 . wherein the inside diameter of the radially 
10 expanded second tubular member is substantialiy equal to the friside diameter of a 

nonoverlapping portion of the first tubular member. 

73. The tubular stmcture of daim 70, wherein the process further comprises: 

applying an axial force to the expansion cone. 

15 

74. The tubular stmcture of daim 65, wherein the inside diameter of the radiaity 
expanded shoe is grsater than or substantially equal to the inside diamet«* of the 
radially expanded second tubular member. 

20 75. An apparatus for fomning a wellbom casing in a borehole located in a 
subterranean fonrration induding a preexisting welibore casing, comprising: 
a support member induding a first fluid passage; 
an expandable experolon cone coupled to the support nmmber induding a 
second fluid passage fluldidy coupled to the first fluid passage;* 
25 an expandable tubular bier movaUy coupled to the expanston cone; and 

an expandable shoe coupled to the expand€d>le tubular liner comprising: 

a valveable fluid passage for controlling the flow of fluidic nriaterials out 

of the expandable shoe; 
an expandable portion indudbig me or more Inward folds; and 
30 a remaining portion ooi4)led to ttie expandable portion; . 

wtierein the outer drcumfarence of the expandable portion is greater 

than the outer drcumference of the remalrring portion. 

76. A shoe, comprising: 
35 an upper annular portion; 
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an intermediate annular portion coupied to the upper annular portion including 

one or more inward folds; smd 
a lower annular portion coupled to the intennediate portion including a 

valveable fluid passage for controlling the flow of fluidic materials out of 
5 the shoe; 

wheiBin the intennediate annular portion has an outer ctrcumferenoe ttvart is 

Iwger than the outer drcwifmnoes of the upper and kiwer annular 

portions. 

10 77. A method of forming a wellbore casing in a subterranean fbmuition having a 
preexisting welilx>re casing positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

15 lowering the expansion cone into the radially expanded portion of the shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the tubular Oner by irtjecUng a fluidic 
material into the borehole below the expansion cone; and 

overlapping a portion of the radially expanded tubular liner with a portion of the 
20 preexisting wellbore casing; 

wherein the inside diameter of the radially expanded shoe is greater than or 
substantially equal to the inside diameter of the radially expanded 
tubular linen and 

wherein the inside diameter cS the racSaily expanded tubutar liner is 
25 8id)stantlaily equal to or greater than the ineide diameter of a nonoveriapping 

portion of the preexisting wellbors casing. 

78. An apparatus for forming a wellbore casing in a subterranean fbnmation having a 
preexisflng wellbore casing positioned in a borehole. oonv)rising: 
30 means for installing a tubular Hner, an expansion oone, and a shoe In the 

borehole; 

means for radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; 
means for lowering the e)9>an8lon cone Into the radially expanded portion of the 
35 shoe; 

mems for radially expandng the expansion cone; 
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means for radiaiiy expanding at least a portion of the tubular liner by injecting a 
fluidic material into the borehole below the radialty expanded expansion 
cone; 

means for radially expanding at least a portim of the preexisting wellbore 
casing; and 

means (br overlapping a portion of the radiaUy expanded tubular liner with a 

portion of the preexisting weBbore casifig; 
wherein the inside diameter of the radially expanded shoe is greater than or 

substantially equal to the inside diameter of the radiaiiy expanded 

tubular liner; and 
wherein the inside diameter of the radiaiiy expanded tubular liner b 

substantially equal to the inside diameter of a nonoverlapping portion of 

the preexisting wellbore casing. 

* •. 

79. A wellbora casing posittoned in a borehole within a sulsterranean formation, 
comprising: 

a first wellbore casing; and 

a second wellbore casing coupled to and overlapping with the first wellbore 
casing; 

wherein the second weilbore casing is coupled to the first wellbore casing by 
the process of: 

installing the second wellbore casing, an expansion cone, and a shoe in 
Itie borehole; 

radiaHy expanding at least a portion of the shoe by irtiecting a fluidic 

material into the shoe; 
lowering the expansion oone into the radially expanded portion of the 

shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the second weUbors casing by 
injecting a fluidic nrateriai Into the borshole below tt^ radially 
expanded expansion cone; and 

overiapping a portion of the radially expanded second wellbore casing 
with a portion of the first welltx)re casing; 
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wherein the inside diameter of the radially expanded shoe is greater 
than or substantially equal to the inside diameter of the radially 
expanded second weilbore casing; and 

wherein the inside diameter of the radially expanded second weilbore 
5 casing is substantteilly equal to the inside diameter of a 

nonoveilapping portion of the first wdlbore casing. 

80. A method of forming a tubular structure in a subterranean formation having a 
preexbting tubular member, posltbned in a borehole, comprising: 

10 instaiiing a tubular finer, an expansion cone, and a shoe in the borehole; 

radially expanding at least a portion of the shoe by ir^jecUng a fluidic materia! 
Into the shoe; 

lowering the expansion cone into the radially expanded portion of the shoe; 
radiaHy expanding the e)q>an8ion cone; 
1 5 radially expanding at least a portion of the tubular liner by injecting a fluidic 

material into the borehole below the radially expanded expansion cone; 

arKl 

overlapping a portion of the radially expanded tubular liner with a portion of the 
preexbting tubular member to provide a load bearing interface and a 
20 fluidic seal; 

wherein the inside diameter of the radially expanded shoe is greater than or 
substentially equal to the Inside diameter of the radiafy expanded 
tubular liner; and 
wherein the inside diameter of the radially expanded tubular liner is 
25 substantially equal to the inside diameter of a nonoveriapping portion of 

the preexisting tubular memtier. 

81 . An apparatus for fonming a tutHilar structure in a subtenanean formation having a 
preexisling tubular member positioned in a borehole, comprising: 

30 means for installing a tubular liner, an expansion cone, and a shoe in the 

t)orehoto; 

means for radially expanding at least a portion of the shoe; 
means for lowering the mpansion cone into the radially expanded portion of the 
^loe; 

35 means for radially expanding the expansio n cone; 

means for radially expanding at least a portion of the tubular liner; and 
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means for overlaid a portion Of the radially expanded 

portion of the preexisting tubular member to provide a load bearing 

Interface and a fluidic seal; 
wherein the inside diameter of the radially expanded shoe is greater than or 

substaritial^ equal to the inside diameter of the radially expanded 

tubular liner, and 

wherein the Inside diameter of the radiaHy expanded tubular Bner is 

substantially equal to the inside diameter of a nonoveriapping portion of 
the preexist'ng tubdar member. 

82. A tubular structure positioned in a borehote within a sutrterranean fonnation, 
comprising: 

a first tubular nmnb^, and 

a second tubular member coupled to and overiapping with the first tubular 
member, 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

installing the second tubular member, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; 
lowering the expansion cone into the radierily expanded portion of the 

shoe; 

radially expanding the expansion cone; 

radiaiiy expanding at least a portion of the second tubular member by 

injecting a fluidic material into the borahole below the radtelly 

exparxled expansion cone; and 
overiapping a portion of the radiaiiy expanded second tubular member 

with a portion of ttie first tubular memben 
wherein ttie Inside diameter of the radially expanded shoe is greater 

than or substantiaBy equal to ttie inside diameter of the radially 

expanded second tubular member, and 
wherein VhB inside dtemeter of the radially expanded second tubidar 

member is substentialiy equal to the inside diameter of a 

nonoveriapping portion of the first tubular member. 
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